High levels of outpatient antibiotic use remain observed in many European countries. Several studies have shown a strong relationship between antibiotic use and bacterial resistance.
INTRODUCTION
Bacterial resistance to antimicrobial agents has emerged as a major threat for public health. 1 The selection pressure induced by antibiotic consumption is one of the main causes of bacterial resistance. [1] [2] [3] [4] [5] Although debated, several publications have suggested that decreasing antibiotic consumption could contribute to reducing the prevalence of antibiotic-resistant bacteria. [6] [7] [8] [9] Strong evidence suggests that a substantial proportion of antibiotic prescriptions in general practice could be avoided. 10 Respiratory tract infections (RTIs) are the most common reason for antibiotic prescriptions in primary care. 11 However, their use in first-line treatment of these diseases is not recommended by international guidelines in patients without underlying conditions. [12] [13] [14] Ten years ago, antibiotic consumption and bacterial resistance rates in France were among the highest in Europe. 4 Since 2002, the national health authorities have developed various programmes to reduce antibiotic consumption mainly through advertising campaigns via radio, television, and newspapers. These nationwide campaigns targeting the general public have led to a decrease in antibiotic consumption. 5 Despite their relative efficacy, outpatient antibiotic use in France remains one of the highest in Europe. 15 This highlights the need to develop additional strategies to reduce antibiotic use.
Different interventions have been evaluated to improve GP prescribing behaviour: 16 mailing campaigns, 17, 18 group education focusing either on evidence-based medicine [19] [20] [21] [22] or on communication skills, 20, 22, 23 prescription practice feedback, 18, 22 private interview with an expert, 17, 24 and use of education materials. 25, 26 Recently, Butler et al have reported that a complex education programme reduces antibiotic dispensing in primary care. 27 However, the effectiveness of standardised GP educational seminars remains controversial and several studies have shown no significant effect on antibiotic prescription after the training. 20, 21 Most of the previous studies were of limited size, 23, 26 included only selected patients, 17, 22 or were not randomised. 19, 20, 24 In addition, none of them provided a long-term followup of patient antibiotic consumption.
The aim of this large scale randomised trial was to evaluate the effectiveness of a standardised and interactive educational seminar on GP antibiotic prescribing behaviour. This study followed the effect of an evidence-based seminar and of an additional education programme focused
Background
High levels of outpatient antibiotic use remain observed in many European countries. Several studies have shown a strong relationship between antibiotic use and bacterial resistance.
Aim
To assess the long-term effect of a standardised educational seminar on antibiotic prescriptions by GPs.
Design and setting
Randomised controlled trial of 171 GPs (of 203 initially randomised) in France.
Method
GPs in the control group (n = 99) received no antibiotic prescription recommendation. Intervention group GPs (n = 72) attended an interactive seminar presenting evidencebased guidelines on antibiotic prescription for respiratory infections. The proportion of prescriptions containing an antibiotic in each group and related costs were compared to the baseline up to 30 months following the intervention. Data were obtained from the National Health Insurance System database.
Results
In the intervention group, 4-6 months after the intervention, there was a significant decrease in the proportion of prescriptions containing an antibiotic from 15.2 ± 5.4% to 12.3 ± 5.8% (-2.8% [95% CI = -3.8 to -1.9], P<0.001). By contrast, an increase was observed in controls from 15.3 ± 6.0 to 16.4 ± 6.7% (+1.1% [95% CI = +0.4 to +1.8], P<0.01), resulting in a between-group difference of 3.93% ([95% CI = 2.75 to 5.11], P<0.001). The between-group difference was maintained 30 months after intervention (1.99% [95% CI = 0.56 to 3.42], P<0.01). Persistence of the intervention effect over the entire study period was confirmed in a hierarchical multivariate analysis.
on problem-solving strategies with an annual follow-up for 3 consecutive years.
METHOD

Study design
The design of this prospective, randomised controlled trial is described in Figure 1 . This study was approved by the institutional review board of Henri Mondor Hospital. All GPs with a practice located in three counties within Paris region (Val de Marne, Hauts-de-Seine, and Seine-et-Marne) were contacted by mail. Two hundred and three GPs signed an informed consent form by June 2004.
Enrolled GPs were randomly assigned either to the control or intervention groups (1:1), with stratification according to sex and professional setting. The intervention group was then randomly divided into two subgroups ( Figure 1 ). The randomisation procedure was entirely performed before the initiation of the study. The random allocation sequences were generated using a random number table.
GPs who were randomly enrolled in the control group (n = 101) received no specific recommendations about antibiotic prescriptions. Two GPs were excluded from this group after randomisation due to retirement during the follow-up period (n = 99).
All GPs assigned to the intervention group attended a 2-day didactic educational seminar focusing on evidence-based guidelines for diagnosis and treatment of acute RTIs (see below). The intervention in the first subgroup was limited to this 2-day seminar (evidence-based medicine subgroup). In the second subgroup, GPs attended an additional 1-day seminar focused on problem-solving strategies (evidence-based medicine plus problemsolving strategies subgroup).
Of 102 GPs initially assigned to the intervention group, 30 could not attend the seminar due to busy schedules and were not considered for analysis. Finally, 72 GPs were included in the intervention group (37 and 35 GPs in the evidence-based medicine and evidence-based medicine plus problem-solving strategies subgroups respectively).
Educational meeting (September 2004)
The educators responsible for the evidencebased medicine programme content were GPs with expertise in continuing medical education and experts in infectious diseases. The programme alternated between small group discussions and plenary sessions. The programme presented differences in European antibiotic prescription rates compared to currently observed antibiotic resistance in bacteria. GPs were trained in evidence-based guidelines for the diagnosis and the treatment of upper and lower RTIs. Specific criteria for antibiotic prescription and the first choice antibiotic were described. French guidelines and references were provided to the attendees at the end of the session. 28, 29 GPs who were randomly assigned to the evidence-based medicine plus problemsolving strategies subgroup had to attend another didactic seminar (7 hours) that focused on motivational enhancement and problem-solving strategies. Programme content was based on the results of a previous study performed by the group. 30 This preliminary study described the reasons put forward by GPs for inappropriate antibiotic prescription for patients with upper or lower RTIs. It also analysed the problem-solving strategies used by physicians in these clinical settings. The seminar was illustrated by four role-play sessions performed by attendees. In addition, physicians completed six case report forms after the training, designed to assist them in reflecting on their own medical practice.
A detailed description of both educational seminars is available from the authors.
Data collection
In France, the prescriptions of physicians are reimbursed by the NHIS. From January 2004 to March 2004, defined as the baseline, antibiotic prescriptions from all enrolled GPs were extracted from the National Health Insurance System (NHIS)database. The analysis was limited to a pre-established list of medications used in the treatment of RTIs and available for outpatient prescription
How this fits in
The effectiveness of programmes designed to reduce antibiotic overuse remains controversial and these interventions usually require multifaceted approaches and substantial resources. In addition, few studies have evaluated their long-term effect on the prescribing behaviour of physicians. This randomised controlled trial is one of the first to show a longterm reduction in antibiotic prescribing in general practice after a standardised medical education programme based on interactive methods. The results could serve to build future medical training programmes designed to reduce antibiotic prescribing.
(antibiotics and symptomatic drugs: analgesics, antihistamines, decongestants, mucolytics and cough remedies). From 2005 to 2007, the same data were collected each year from January to March to reduce variability in antibiotic prescription induced by epidemic viral infections. For each GP, the proportion of their prescriptions containing an antibiotic was determined, that is, the number of their prescriptions containing an antibiotic divided by the total number of all their prescriptions. Symptomatic drugs were presented in a similar way. No feedback was provided to the enrolled GPs during the study.
The cost analysis was performed based on the cost of prescriptions for the French NHIS. The analysis was based on prices and reimbursement rates determined by the national health authorities at the national level. For each GP included in the study, the NHIS calculated the cost of their prescriptions of antibiotics and symptomatic drugs used in the treatment of respiratory tract infections (Appendix 1) at baseline and during the follow-up periods.
The primary outcomes of this study were the comparison of the change in the proportion of prescriptions containing an antibiotic in 2005 (compared to the baseline) between the group of physicians attending the training and control GPs, as well as the change in the related costs.
Predetermined secondary outcomes were changes (compared to baseline) in: (1) the proportion of prescriptions containing an antibiotic in the following years (2006, 2007) , that is, testing the persistence of the effect of intervention; (2) the proportion of prescriptions containing a symptomatic drug for respiratory infections, and (3) the cost of symptomatic drug prescriptions. In addition, the impact of the both interventions on antibiotic prescribing was also analysed.
Sample size determination
Sample size determination showed that 60 GPs per group were required to be able to detect a 10% relative decrease in the primary outcome (change in the proportion of prescriptions containing an antibiotic compared to 2004) between intervention and control groups (for α = 0.05 and β = 0.05), assuming a standard deviation in both groups of 15%. Due to the risk of GPs lost to follow-up, 100 GPs per group were included.
For the comparison between the two intervention subgroups (evidence-based medicine versus evidence-based medicine plus problem-solving strategies), the randomisation was balanced (1:1). This number of GPs allowed the detection of a 20% difference in the primary outcome between both intervention subgroups (for α = 0.05 and β = 0.05). Results were considered to be significantly different for P-values <0.05.
Statistical analysis
RESULTS
Demographic
and professional characteristics of GPs are shown in Table  1 . GP activity in terms of consultation and prescribing were similar. (Figure 2) .
Effect of the intervention on antibiotic prescriptions
In a second step, a hierarchical multivariate analysis was performed taking into account an interaction between time and educational intervention, using absolute proportions of prescriptions containing an antibiotic. 
Effect of the intervention on symptomatic drug prescriptions
The opposite effect was observed in symptomatic drug prescriptions (Figure 2b) . 
Cost analysis
The cost analysis showed that the decrease in antibiotic prescription was associated with a significant reduction in antibiotic prescription costs in (Figure 2b) . However, the ANOVA showed no group effect over the entire study period for this parameter.
Subgroup analysis
As predetermined, the modification in prescribing behaviour was analysed in both intervention subgroups. Compared to baseline, a reduction was observed in the proportion of prescriptions containing an antibiotic in both intervention subgroups during the entire study period (Figure 3) . The decrease in the proportion of prescriptions containing an antibiotic was significantly larger in the evidence-based medicine plus problem-solving strategies subgroup than in controls in 2005, 2006, and 2007 . Similarly, the decrease was significantly larger in the evidence-based medicine subgroup than in controls in 2005 and a similar trend was observed in 2006. The effects of the intervention on prescription costs and symptomatic drug prescriptions in both intervention subgroups are presented in Figure 3 .
DISCUSSION
Summary
This study showed that a standardised medical education programme based on interactive methods significantly reduces antibiotic prescribing in general practice. The modifications of GP prescribing behaviour were maintained for up to 30 months following intervention.
Strengths and limitations
The study has several strengths. First, the analysis was based on a large number of prescriptions (around 160 000 prescriptions per year) and changes in the prescribing behaviour of GPs were followed for a long period of time. Secondly, GPs' prescriptions were collected from the database of the NHIS to obtain comprehensive and comparable data throughout the study. The aim of this trial was to evaluate the effectiveness of the intervention on GP prescribing behaviour. The study was therefore not designed to analyse patient outcome, since previous studies have shown that a reduction of antibiotic prescribing has no effect on patient outcome. 22, 31, 32 Thirty GPs randomly assigned to the intervention group could not attend the educational meeting due to busy working schedules despite their interest in the seminar. This is inherent in pragmatic studies conducted in general practice during daily patient care. Since the aim of this study was to assess the impact of participation in an educational seminar, the intervention group included only GPs who actually attended the training. Data were analysed on a per protocol basis.
Comparison with existing literature
Various interventions have been evaluated for their impact on reducing antibiotic prescriptions. Distributing guidelines, educational materials, auditing, and feedback do not change physician's behaviour when they are used individually. 16 Multifaceted educational campaigns have also reported inconsistent results. In a Wisconsin study, a combination of media advertisements, educational materials and conferences was followed by fewer requests by patients for antibiotics. 33 However, physician prescribing strategies were not modified and antibiotic consumption was not reduced after this large campaign. 34 Similarly, another randomised community-wide educational intervention in Massachusetts showed no effect on physician beliefs concerning antibiotic overuse and bacterial resistance. 35 By contrast, more favourable results have been reported in France and Belgium after nationwide campaigns. 5, 6 Furthermore, a complex intervention has shown a reduction in antibiotic prescribing with a 1-year follow-up in Wales. 27 The results from all these studies strongly suggest that significant resources must be mobilised to obtain a moderate change in antibiotic prescribing.
Physician-level interventions could contribute to improve GP antibiotic prescribing behaviour. In Finland, a controlled study analysed the effect of guideline dissemination through local interactive discussion groups: no reduction in antibiotic prescription was observed during the 5-year follow-up. 36 In Switzerland, a similar lack of efficacy was reported for an interactive seminar on guidelines with and without a patientcentred communication conference. 20 However, other authors have reported more positive results. In Michigan, a small nonrandomised controlled trial associating halfday educational sessions with distribution of patient educational materials showed a 25% reduction in antibiotic prescribing 5 months after the intervention. 32 Another study from Colorado reported a reduction in antibiotic prescriptions in patients with acute bronchitis after an intervention based on physician communication training, evidence-based conferences and distribution of educational materials. 31 Finally, during a randomised study in Belgium, patients were less likely to receive antibiotics in the group of GPs who received an educational visit based on guidelines, than in controls. 37 Few randomised studies have evaluated the impact of medical education programmes on medical practice using an appropriate methodology. 38, 39 It was recently pointed out that multiple interventions are more effective than interventions limited to a single element. 40 Interestingly, the results show that a significant effect can also be obtained with a one-time intervention based on an appropriate programme. Several key factors could have contributed to the efficacy of the programme. 38, 41, 42 The standardised intervention meets criteria recommended for medical education programmes and adult learning: a seminar lasting several days, specifically targeting GPs, and based on interactive methods (case-based learning in small groups, feedback in plenary sessions). In addition, sessions were led by experts in general practice and infectious diseases. 42 One of the more interesting results of the study was that its effect was maintained up to 30 months after the intervention, despite fluctuations observed in antibiotic prescribing at national level. In most previous studies, follow-up rarely extended beyond 1 year after intervention, 38, 39, 43 and long-term outcome assessment was negatively correlated with the effect of medical education programmes. 42 The maintained effects in the trial of more than 2 years after intervention show that longterm change in GP behaviour is possible. 43 In a subgroup of GPs, the efficacy of an additional intervention focused on problemsolving strategies and based on the results of a preliminary qualitative study was evaluated. 30 Some of the results suggest that the effect of the intervention on antibiotic prescriptions could last longer in the evidence-based medicine plus problem-solving strategies subgroup. However, the difference between both education subgroups was not significant, in accordance with the study design that was not empowered to detect the observed differences between both subgroups.
Implications for research and practice
This randomised controlled trial shows that a standardised medical education programme reduces antibiotic prescribing whatever the winter epidemic context. Its efficacy was maintained for at least 30 months after intervention. These results could justify the large-scale implementation of this intervention. 
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